Foot pad dermatitis (FPD) is a welfare concern in broiler chickens characterized by ulcerated lesions on the pad of the foot, which results from prolonged contact of foot pads with wet litter. During Canadian prairie winters, barn moisture levels tend to increase due to reduced ventilation as a means of conserving heat and minimizing costs. However, there are no published benchmarks regarding the prevalence of foot pad dermatitis in broilers reared in western Canadian provinces such as Alberta, Canada. As such the objectives of the current study were to evaluate practical means of assessing FPD in Alberta broilers as well as on-farm management practices which correlate with higher prevalence of foot pad dermatitis. A management-practices survey and 3 foot pad assessment methods were used to benchmark foot pad dermatitis in 32 broiler flocks throughout the province of Alberta. Four flocks per farm were sampled from a total of 8 commercial broiler farms. Per flock, 200 birds were assessed on-farm, 3 processorline scores were taken at the processing plant, and 600 foot pad samples were assessed postprocessing. The prevalence of foot pad dermatitis by assessment method was benchmarked on a per-flock basis at 28.65% on-farm, 26.17% on the processing line (processor-line), and 31.83% for samples taken off the processing line (processor-sampled). On-farm and processor-sampled assessment results were highly correlated (r = 0.90) compared with processor-line and on-farm (r = 0.77) and processor-line and processor-sampled results (r = 0.72; P < 0.001). Specifically, processor-line assessments were not found to be reliable when repeated (P > 0.10). On farm, wheat straw was used by the majority of Alberta's producers (62.5%) and was associated with a higher prevalence of foot pad dermatitis per flock (40.6%). In contrast, pine shavings was associated with lower FPD prevalence (6.4%; P < 0.001), but was used by only 21.9% of producers in Alberta. Primary results from this field study support the use of on-farm FPD assessments rather than processor-line-based assessments, and a shift away from wheat straw as a broiler litter substrate.
DESCRIPTION OF PROBLEM
Foot pad dermatitis (FPD) in broiler chickens is characterized by ulcerated lesions on the underside of the foot [1] . Severe lesions are associated with inflammation and pain, making them a welfare concern [2, 3, 4] . Research has demonstrated that litter moisture is the primary causal factor in the development of foot pad lesions [5, 6] . However, litter moisture is affected by a multitude of on-farm management decisions such as those related to litter material and depth, the house environment, litter moisture management, and nutrition.
Methods for assessing FPD range from 2-point [7] to 9-point scales [8] with longer scales typically being used in research where greater differentiation between lesion sizes, color, or depth may be necessary. However, longer and more detailed assessment scales are associated with lower inter-observer reliability scores [9] . In contrast, shorter and less-detailed scales are typically used in commercial settings where feasibility is a priority. In Canada, there is currently no standardized foot pad assessment method [10] . Individual processing plants may monitor foot pad dermatitis to varying degrees; however, results may not be well understood by producers. Further, while broiler producers are generally encouraged to monitor flock foot health, this is done minimally at the farm level [11] and there are no published benchmarks with which to compare.
The objectives of this field study were to: 1) benchmark foot pad dermatitis prevalence in Alberta broiler flocks, 2) evaluate correlations between 3 foot pad assessment methods (e.g., onfarm, processor-line, and processor-sampled), 3) evaluate the reliability of foot pad assessment on the processing line, and 4) determine which onfarm management practices most influence foot pad quality.
MATERIALS AND METHODS

Animal Care
All animal care and use in this study were approved by the University of Alberta Animal Care and Use Committee for Livestock in accordance with the Canadian Council for Animal Care Guidelines and Policies [12] . The on-farm producer survey received human ethics approval from the Human Ethics Board at the University of Alberta Research Ethics Office.
Experimental Design
Eight Alberta broiler producers located throughout the province and affiliated with the same processing plant participated in the field study. Producers were chosen based on their history of foot pad dermatitis scores provided by the processing plant. Selecting based on previous history of foot pad dermatitis ensured variability across producers (e.g., consistently high (n = 4) and low (n = 4) prevalence were represented among participating producers). Each producer was visited at the farm site over 4 consecutive flock cycles throughout the study period for a total of 32 flock visits from January to September 2015. Two visits per farm were completed during flock cycles from January to June, and 2 additional visits were completed during flock cycles from June to September. Two trained research staff conducted all on-farm visits when broilers were 35 to 39 d of age and then followed each flock to the processing plant. Two on-farm flock visits were missed due to poor road conditions and unusually hot outdoor temperatures (∼35
• C), the latter leading to high mortalities noted by the producer, reducing total visits to 30 flocks. In both of these exceptional cases, surveys were completed by phone, and processor samples were collected and recorded for all on-farm visits (n = 32). As such, only the on-farm foot pad assessments were missed for these 2 flocks (n = 2). Broilers in flocks represented Ross 308 (∼90%) and Cobb and Hubbard (∼10%) strains. The majority of flocks were completely composed of Ross 308 birds. However, ∼3 or 4 flocks were composed primarily of Ross 308, with approximately 10% of birds from Cobb and/or Hubbard strains.
Data Collection: Survey
A survey composed of 46 questions regarding producer knowledge of foot pad dermatitis, barn environment, flock information, water management, nutrition program, flock health, litter management, and lighting program was completed during each flock visit. Survey responses reported by the producer were not verified by researchers (e.g., actual protein content in feed was not tested). Survey questions were chosen based on risk factors that contribute to the development of foot pad dermatitis identified in the scientific literature [13, 14] . Prior to their on-farm use, survey questions were reviewed by members of the Alberta broiler industry and poultry researchers at the University of Alberta and University of Saskatchewan to ensure comprehensiveness of foot pad dermatitis-related risk factors. The survey specifically focused on litter moisture and environmental mitigation strategies used by Alberta broiler producers as part of foot pad dermatitis management and prevention.
Data Collection: On-farm Foot Pad and Litter Assessment
A sub-sample of 200 broilers were assessed for foot pad dermatitis during each on-farm visit (n = 30 visits). Broilers were randomly selected from all areas of the barn (e.g., near doors, walls, drinkers, feeders). Left and right foot pads were scored independently using a 4-point assessment scale modified from the Welfare Quality Assessment Protocol for Poultry [15, Table 1 ] to increase feasibility for use on-farm while still accounting for variations in lesion severity. Specifically, categories 0, 1, and 2 in our assessment were consistent with the Welfare Quality R scale, while categories 3 and 4 were combined into a single category.
Following foot pad assessment, litter was assessed for moisture content using a 5-point scale modified for hand sampling rather than boot sampling from the Welfare Quality Assessment Protocol [15; Table 1 ]. Eighteen locations were sampled throughout the barn (e.g., near walls, feeders, drinkers). Litter was first disturbed by foot to mix the top and bottom layers, which allowed researchers to assess if a compacted crust was present (Score "4", Table 1 ), and to assess litter quality throughout litter layers. A handful of litter was picked up, compressed, assessed, and given a score from "0" (dry, friable litter) to "4" (remains in a ball after compacted crust is broken; Table 1 ). Odor (intensity of ammonia smell), as an indicator of poor air quality and litter conditions, was assessed upon first entering a barn using a modified 3-point scale [16, Table 1 ] for on-farm feasibility.
Data Collection: Processing Line
Each subject flock was shipped to the processing plant within 24 to 48 h of on-farm data collection. Processor-line foot pad scores were recorded as the number of blemished foot pad pairs over the course of 1 min while moving past a specific observation point on the processing line. The processor assessment method assumed the processing speed was 100 birds/min. Therefore, the carcass count with at least one blemished foot represented the foot pad dermatitis prevalence as a percentage (carcasses with at least one blemished foot/100 birds/min * 100). Blemishes were defined as a foot pad pair with at least one blemished foot, regardless of lesion severity. Line scores were recorded during 3 distinct 1-min periods to assess repeatability of the measurement method (n = 3 scores/flock).
Data Collection: Processor Foot Pad Samples
Subsamples of 300 pairs of foot pads were collected from the processing line in 2 batches of ∼150 pairs each (range: 77 to 153 foot pad pairs/batch; mean: 148 foot pad pairs/batch) to assess repeatability between batches. Following collection, foot pads were placed on ice, sealed by batch in separate rubber totes and subsequently scored at the University of Alberta using the on-farm assessment system previously described in Table 1 . Processor-sampled foot pad scores enabled comparison to both on-farm and processor line scores. The same individuals who scored the on-farm foot pad samples also assessed the processor-sampled foot pads. An inter-observer reliability test between researchers was performed once midway through the study to ensure consistency in foot pad scoring. For the inter-observer reliability test, 2 researchers each scored the same batch of foot pads (n = 600) during post-mortem scoring. A Pearson correlation analysis was run and a correlation of 97% was confirmed between scorers using the Corr procedure of SAS R [20; P < 0.01].
Statistical Analysis: Survey
Descriptive statistics were determined for the 24 survey questions listed in Tables 2 and 3 . Response percentages for selected survey questions was calculated as the number of specific responses divided by the total number of flocks assessed and multiplied by 100. Scores are reported as the percent (%) of respondents out of the 32 flocks surveyed. The relationship between on-farm management practices and onfarm prevalence of foot pad dermatitis was analyzed for each flock. Questions with more than 2 response options were analyzed using a one-way analysis of variance (ANOVA), while binomial survey responses were analyzed using a Student's 2-sample t-test using R statistical software [17] .
Using the best management practices identified in the literature review, a foot pad quality index was created in which each flock was assigned points based on survey responses for on-farm practices which promoted overall foot pad health during flock rearing. The range in scores for each question was determined by assigning scores to all possible responses to selected survey questions (data not shown). Low scores (Response point = 1) were assigned when management practices were reported in the literature found to promote foot pad dermatitis development (e.g., cup/bell water drinkers), while high scores (Response point = 3) were assigned when management practices were reported in the literature to prevent foot pad dermatitis development (e.g., nipple water drinkers [18, 19] ). Questions to which the producer did not respond were given a value of zero. The foot pad quality index ranged from 23 to 64 points for each flock. Scores near 64 were considered high and associated with low prevalence of foot pad dermatitis on-farm. Scores closer to 23 were considered low and associated with high prevalence of foot pad dermatitis. To test whether on-farm management practices reduced the prevalence of foot pad dermatitis, quality index scores were compared with mean on-farm foot pad dermatitis prevalence per flock and correlations were determined using the Corr procedure of SAS R [20] .
Statistical Analysis: Correlations between Assessment Methods
As processor-line scores were only available as percent (%) feet pairs with blemishes, both on-farm and processor-sampled foot pad scores were likewise converted to a mean percentage (%) to facilitate comparative statistical analysis. On-farm scores were converted by counting the presence of lesions for each pair of foot pads (i.e., each pair = a bird; 200 birds/flock). In order to simulate processor-line scoring system, if either the right or the left foot within a pair exhibited foot pad dermatitis, the bird was given a score of "1". If no lesion was present, the bird was given a score of "0". The number of birds exhibiting foot pad lesions were summed and divided by 200 (i.e., total assessed birds) and multiplied by 100 to give on-farm prevalence of foot pad dermatitis. For processor-sampled foot pads, samples were pooled for Batches 1 and 2 to obtain a foot pad dermatitis prevalence per flock. Scores for left and right foot pads sampled during processing were found to be highly correlated (r = 0.93, P < 0.01). As such, only data from the right feet were used to represent the foot pad score per bird. Prevalence (% of flock) was calculated by summing the number of birds exhibiting foot pad lesions and dividing by the total number of birds sampled from the processor line per flock. Flock prevalence for processor-line scores were calculated by taking the mean of the 3 line scores recorded at processing for each flock.
Statistical Analysis: Foot Pad, Litter and Odor Scores
On-farm, processor-sampled and processorline foot pad scores and litter and odor scores for each flock were analyzed as a generalized linear mixed model using the Glimmix procedure of SAS R [20] . The Univariate procedure of SAS R and Kolmogorov-Smirnov test specified a Poisson distribution with a log link function. Type 3 statistics were requested and the inverse link (ilink) option was specified to return least squares means on the same scale as the original data. The random term in all models included Flock. Fixed effects included Producer and Visit. Least squares means were calculated and a Bonferroni means separation test was used. Differences between least squares means were reported as significant where P < 0.05. A tendency was defined as 0.05 < P < 0.10 and P > 0.10 was not considered significant. Results from the Glimmix analysis are reported as Least Squares means ± SEM. Correlations between on-farm foot pad and litter scores were assessed using the Corr procedure of SAS R [20] .
RESULTS AND DISCUSSION
Foot Pad Dermatitis Prevalence and Assessment Methods
The first study objective was to benchmark foot pad dermatitis prevalence in Alberta broiler flocks. Mean foot pad dermatitis prevalence across assessment methods was 28.65% (on-farm), 26.17% (processor-line) and 31.83% (processor-sampled). Within the assessment methods, variability in foot pad dermatitis ranged from 0.5% to 76% (on-farm), 0.0% to 99% (processor-line) and 0.83% to 84.4% (processor-sampled). The second and third objectives of the study were to evaluate correlations between the 3 foot pad assessment methods (on-farm, processor-line, and processor-sampled) and to determine the repeatability of foot pad scoring on the processing line. Processor-line scores exhibited the greatest variation compared with processor-sampled and on-farm scores. In addition, processor-line scores were significantly different between scoring events (P < 0.01), and were thus not Correlation matrices for the 3 foot pad assessment methods compared (on-farm, processor-line, and processor-sampled). Correlations were tested using Pearson's rank correlation test using the Corr procedure of SAS. Significance was defined as P < 0.05. considered consistent. For example, one flock had processor-line scores of 1%, 2% and 99% prevalence, while on-farm and processorsampled scores for the same flock were 78.0% and 78.1%, respectively. The unreliability of processor-line scores also affected their correlation with other assessment methods. In contrast, on-farm and processor-sampled assessments were highly correlated (r = 0.90; P < 0.001; Figure 1 ).
Our results found that the correlation was weaker between processor-line and processorsampled scores (r = 0.72; P < 0.001; Figure 1 ), as well as processor-line and on-farm scores (r = 0.77; P < 0.001; Figure 1 ). The weaker correlation is likely due to the variability intrinsic to the processor-line scoring method. Our results indicate processor-line scoring does not reliably measure foot pad dermatitis prevalence within flocks. The cause of variability in the measurement is likely 2-fold. First, line speed at the processing plant changes frequently and is not accounted for resulting in either under-or over-estimation of the prevalence of foot pad dermatitis. Secondly, FPD assessment at the processing plant cannot be consistently conducted by the same person, and inter-observer reliability cannot be monitored. We highly recommend the broiler industry direct additional resources towards supporting producer-led assessment of foot pad dermatitis on-farm. On-farm foot pad dermatitis assessment methods (e.g., WQAP, 2009) have already been proven to be highly reliable, feasible, and valid. Results from the current study also indicate that on-farm foot pad scoring systems allow producers to assess each flock during the production cycle for foot pad dermatitis, thereby ensuring immediate identification and management in order to mitigate further lesion development. While dim lighting on-farm and dirty foot pads [21, 22] can potentially make lesion scoring challenging, researchers were able to achieve high inter-observer reliability (97%) and consistent correlations between on-farm and processor-sampled foot pad assessment scores.
Management Practices
The final objective of the current study was to determine which on-farm management practices lead to better foot pad quality. Foot pad scores for each assessment method were significantly different between producers (P < 0.01; Figure 2 and Table 4 ). For example, Producer D had consistently higher foot pad quality with mean prevalence of 0.73% ± 0.93 (on-farm), 2.7% ± 2.6 (processor-line), and 2.6% ± 1.7 (processor-sampled), while Producer F had consistently lower foot pad quality with mean prevalence of 86.9% ± 32.5 (on-farm), 54.3% ± 33.2 (processor-line) and 66.4% ± 16.9 (processorsampled). However, distinct differences in management practices were found between producers with higher and lower foot pad scores. For example, Producer D used litter depths shallower than 10 cm and used pine shavings as a substrate, while Producer F used wheat straw bedding and had a litter depth greater than 10 cm. As such, the results indicate foot pad dermatitis is affected by the on-farm management practices of individual producers. Mean foot pad scores (%) for on-farm, processor-line and processor-sampled assessment methods by producer (LSmeans ± SEM). On-farm assessment completed on 200 birds using scoring system detailed in Table 1 for each of 30 flocks. Processor-line scores recorded at 3 intervals on processing line. Line scores calculated as the number of blemished feet/1 min counted feet * 100. Processor-sampled assessments completed on 300 foot pad pairs sampled from the processing line for each of 32 flocks using scoring system described for on-farm. Scores represent the average percent prevalence for all flocks assessed for each producer using each assessment method.
On-farm foot pad assessment methods varied between producers, with 40.6% of respondents assessing foot pads of dead birds, 31.25% of respondents assessing the foot pads of live birds, and 21.8% who did not assess foot pad dermatitis (Table 2 ). These results indicate that the majority of respondents (71.85%) have adopted some form of on-farm foot pad dermatitis assessment. However, only 6.25% of respondents used a science-based standardized assessment method. As such, implementation of on-farm assessment across all producers should be easy to facilitate, and there is a need to do so using a standardized science-based method.
Most producers surveyed in the field study (62.5%) used wheat straw as a bedding substrate compared to pine shavings (21.9%) or newspaper (12.5%; Table 3 ). The majority of pine shavings in Alberta are shipped from British Columbia due to competing demands for pine shavings from Alberta's oil industry. While wheat straw is cheaper and easier to maintain in Alberta, for the same 153 m 3 of required litter, purchasing wheat straw costs approximately $1,406 CAD ($25 per 2.72 m 3 ) including shipping [24] . The current study found respondents chose bedding type based primarily on local availability (71.9%) and low cost (40.6%; Table 3 ). Furthermore, the majority of producers sourced their bedding (e.g., wheat straw) on-farm (65.6%) compared to elsewhere in the province (31.3%; Table 3 ). While cheaper and easy to obtain, flocks raised on wheat straw had significantly higher prevalence of foot pad dermatitis (40.6%) compared with flocks raised on alternative materials (6.4%; P < 0.001; Table 5 ). Wheat straw has been previously associated with a higher prevalence of foot pad dermatitis compared with pine shavings [14, 25] . However, results from the current study indicate that Alberta producers are more likely to choose wheat straw litter due to the lower cost, despite an increased prevalence of foot pad dermatitis, due to the high cost of alternative materials. The results suggest the use of pine shavings bedding should be considered for improved foot pad quality; however, this would be economically costly (e.g., $20,951/year for pine shavings versus $9,842/year for wheat straw based on 7 broiler flocks/year). It is therefore recommended that if pine shavings were to be Table 4 . Distribution of foot pad scores by severity for each producer (LSmeans ± SEM). On-farm and processor-sampled scores used the same assessment method (Table 1) . Scores of "0" were considered blemish-free, while scores of "3" indicated a severe foot pad lesion. mandated as part of industry animal care guidelines, an incentive program for producers for foot pad quality should be considered in order to reduce the financial impact on producers. Significant differences in litter moisture scores were found between producers (P < 0.01). Flocks with mean litter scores of "2" or greater (i.e., litter was wet and formed a ball upon compaction) had a greater percentage of birds affected by foot pad dermatitis (40.1%) compared with flocks with litter scores of "1" or less (i.e., litter easily fell apart or was dry; 7.4%; r = 0.65; P < 0.01; Table 5 ). Multiple studies have reported reduced foot pad quality under wet litter conditions [26, 27, 28] . The current field study included flocks raised on litter depths > 12.7 cm, which had a higher prevalence of foot pad dermatitis (46.4%) compared with flocks raised on depths < 12.7 cm (23.9%; P < 0.05; Table 5 ). Previous studies have reported broiler flocks raised on straw depths greater than 10 cm have higher prevalence (47%) of FPD [18, 26] compared with depths shallower than 10 cm [20%; 25] . Ekstrand et al. [18] hypothesized shallower litter is more easily overturned by broilers and dried as a result of greater moisture release compared to deeper litter, which may trap moisture. No significant differences in odor score were observed between farms (P > 0.10).
On-farm management practices such as ventilation system, barn age, lighting system and intensity, stocking density, and type of drinker system were not associated with significant differences in foot pad dermatitis prevalence (Tables 3 and 5 , P > 0.10). For example, ventilation system was identified as an important factor in the development of foot pad dermatitis in the literature [29, 30] . However, as survey respondents had different types of ventilation systems within their barns, we were unable to discern a significant impact of ventilation system on foot pad dermatitis (Table 3) . Winter has been associated with greater prevalence of foot pad dermatitis, as the increase in relative humidity due to decreased ventilation rates to reduce heating costs results in poor litter quality and foot pad lesions [31] . No significant differences in foot pad dermatitis were observed between winter and summer visits (data not shown; P > 0.10). It is possible, however, that Table 5 . Statistical results for selected survey questions (n = 24) related to foot pad dermatitis development (Tables 2 and 3 ). Survey responses were compared with mean on-farm foot pad scores. 1 Differences considered significant at P < 0.05; a trend at 0.05 < P < 0.10; and not significant at P > 0.10. some summer factors may not have been accounted for in the survey (e.g., misting), which may have resulted in wet litter conditions similar to those found in the winter. Management factors expected to influence foot pad dermatitis were stocking density and type of drinker system used. High stocking density is associated with increased prevalence of foot pad lesions, as greater stocking densities increase litter moisture, which reduces litter quality [32] . Likewise, bell drinker systems are associated with leakage and increased litter moisture compared to nipple drinkers [18] . However, there were no differences between survey respondents for these 2 factors, as all respondents used nipple drinkers and stocking densities of 38 kg/m 2 , the maximum allowed under Canadian chicken production standards, which did not allow for the study of differences between producer participants.
A trend was identified for number of dietary phases and prevalence of foot pad dermatitis (3 phases: 34.7%; > 3 phases: 18.3%; P = 0.08; Table 5 ). Since nutritional requirements of broilers change with age, more dietary phases allow for more accurate fulfillment of nutritional requirements [33] . As protein and amino acid levels decrease with each subsequent dietary phase, reduced nitrogen excretion also occurs, thereby decreasing water excretion and litter moisture. Because each producer in the field study used different feed companies or mixed feed on-farm, we are unable to make recommendations regarding dietary phases based on survey findings.
The foot pad quality index score for each flock was calculated after collection of all survey data was complete (data not shown). The purpose of the foot pad quality index was to test whether scores reflecting on-farm management practices correlated with the prevalence of foot pad dermatitis for each producer flock. Establishing such a relationship would be a useful monitoring tool for the industry in managing foot pad dermatitis. The correlation between the foot pad quality index and onfarm foot pad scores was not significant (r = 0.19; P > 0.10; data not shown). One potential reason for this result is that selected survey questions used in the quality index were not weighted by degree of influence on foot pad dermatitis prevalence due to data limitations in the post hoc creation of the index. Weighting questions is effective for large (n ≥ 200) numbers of respondents as it helps account for potential confounding factors within the ranking system. In the current study, it was determined that weighting questions would be impractical due to the limitations in the survey sample size and time required to calibrate such a weighting system. However, survey results indicate litter management practices (e.g., litter depth, material, moisture) have significant influence on foot pad dermatitis prevalence compared to all other parameters (Table 5 ). As such, if a producer had a high prevalence of foot pad dermatitis and scored poorly on litter management (e.g., used wheat straw, had high litter moisture, used litter depths of >12.7 cm), but excelled in other, less influential categories (e.g., lighting, barn age), foot pad quality index scores may be inflated. The authors encourage the future development of a standardized quality index for foot pad dermatitis, which would be useful for the monitoring and management of foot pad health on broiler farms, and should be considered for future studies with larger sample sizes.
CONCLUSIONS AND APPLICATIONS
1. Mean foot pad dermatitis prevalence in Alberta broilers was benchmarked by assessment method at 28.65% (on-farm), 26.17% (processor-line) and 31.83% (processorsampled). 2. On-farm and processing-sampled scores were strongly correlated to one another compared with correlations with processing-line scores, as processing-line scores were highly variable and not consistent between measurements within flock. 3. Management practices associated with litter moisture were found to influence the prevalence of foot pad dermatitis. Specifically, use of pine shavings bedding, litter depths of <12.7 cm and drier litter scores were all associated with improved foot pad quality.
